A previous investigation (1) has shown that as a result of a sudden rise in the venous and arterial pressures by exercise there is a prompt and definite decrease in the plasma volume. Further, moderate exertion is accompanied by a proportionate diminution in the blood volume, since the volume of the cells remains essentially the same. Only when the physical activity is severe are new cells added to the circulating volume. During the recovery period, the volume of the blood gradually returns to the resting value. It was suggested that the elevated capillary pressure produced by exercise caused increased filtration of fluid through the capillary walls, which in turn leads to a decrease in the plasma volume, and that the slight increase in cell volume during severe exercise was a result of extrusion of cells from the blood depots into the circulating blood. It was suggested that the latter was mediated through the symphathicoadrenin mechanism.
If these factors are responsible for the alterations in the volume of the blood during exhaustive exercise, the administration of epinephrine might be expected to produce a similar picture, since this drug increases the systemic pressure and contracts the blood depots. The purpose of this communication is to report the observations of the blood volume before and after the subcutaneous injection of epinephrine in normal individuals, in patients with splenomegaly, and in 2 subjects whose spleens had been removed following rupture.
METHODS AND MATERIAL
The methods employed in this investigation were the same as those described previously (1) . All experiments were carried out under basal conditions. On coming to the laboratory in a post-absorptive state the subject rested in a horizontal position for 60 minutes. The azo blue dye (T-1824) was then injected intravenously and the disappearance slope for the calculation of the initial plasma volume was determined over a period of 40 minutes. By this method, changes in the plasma volume in excess of + 40 cc. and -90 cc. may be considered significant (1). Blood was also taken at intervals for cell volume, hemoglobin, and serum protein determinations. The blood and cell volumes were obtained from the plasma volume and the hematocrit value. The control venous pressure and circulation time were then measured.
Immediately after the control data were obtained, from 0.8 to 1 cc. of epinephrine (1-1000) was administered subcutaneously. Blood for serum samples and hematocrits was withdrawn from the ante-cubital vein at appropriate intervals after the injection of the drug. From the initial plasma volume and the deviation of the dye concentration of these samples from the prolongation of the disappearance slope, changes in the plasma volume were calculated. At varying intervals during the experimental period, the venous and arterial pressures and the circulation time were determined.
The above procedure was carried out on 5 young subjects with normal cardiovascular systems and one subject who was in good condition save for chronic rheumatoid arthritis. In addition studies were made on 2 individuals with polycythemia vera and on 2 normal subjects whose spleens had been removed one year previously because of an accidental injury. Prior to this study, the patients with polycythemia had been subjected to repeated therapeutic phlebotomies during a period of several years. Both subjects had palpable spleens.
RESULTS
Normal subjects. The changes noted in the plasma and cell volumes in response to the administration of epinephrine, along with other data relating to the cardiovascular system, are shown in Table I . In both cases at the height of the reaction the spleen was much smaller, and in one case it was no longer palpable. Coincident with these changes, the venous and arterial pressures rose in both cases, and there was concentration of hemoglobin and serum proteins.
Splenectomized subjects. The changes in the blood volume, following the injection of epinephrine in 2 subjects who were previously splenectomized, are illustrated in Table I and Figure 2 . Their response was similar to that noted in the normal individuals, except that no new cells were added to the circulation. Actually the cell volume diminished after epinephrine.
DISCUSSION
It is generally known that the effect of emotional excitement or epinephrine on the peripheral blood is a rise in the number of red blood cells. The mechanism by which this erythrocytosis is brought about has not been definitely decided. There are three possible means, (a) addition of red blood cells to the circulating cell volume, (b) a diminution in the fluid constituents of the blood, or (c) a combination of these two. A perusal of the literature in reference to the volume of the blood and its components after the administration of epinephrine does not throw any light upon the question, for there is no uniformity as to the results. Following the injection of epinephrine in normal individuals, Wollheim (3) and Brandt (4), employing the dye method, observed a marked increase in both plasma and cell volumes, while Levin (5) in 80 per cent of the cases found a decrease in the plasma volume, and an increase in the blood and cell volumes in half of the cases. More consistent results were found when the carbon monoxide method was used. One group (6) observed an increase in the cell and blood volumes in all cases, while another investigator (7) found an increase in the cell volume in twothirds of the cases. Brednow (8) employing both methods, but neither simultaneously nor in the same subjects, noted an increase in cell volume with the carbon monoxide method and a decrease in the plasma and blood volumes when determined by the injection of dye. In the presence of splenomegaly (leukemia, polycythemia), epinephrine consistently produced an increase in the circulating cell volume when the volume was measured by either the dye or the carbon monoxide method (9, 6, 7), while in normal individuals in whom the spleen had been removed, there was no appreciable change in the cell volume (6) .
The discrepancies in the results obtained by previous investigators and the rather consistent ones obtained by Ebert and Stead (lOa), and by us, are due mainly to certain errors inherent in the techniques previously employed. The advantages of the present method may be summarized as follows: ample time is allowed for the mixing of dye and plasma before the experimental period is started; the determination of the plasma volume is independent of the circulatory rate; and, instead of injecting a second dose of the dye during the experimental period, changes in plasma volume following the injection of adrenalin can be calculated from the initial plasma volume, and the deviation in dye concentration from the prolongation of the disappearance slope. Recently Ebert density of the dye-free serum after the injection of epinephrine. Since the optical density of the dye-free serum at times may increase after the injection of epinephrine, it is wise to consider these changes in the plasma volume as trends rather than precise, quantitative measurements (lOa).
In all cases investigated of both normal and abnormal subjects there was a definite diminution in the plasma volume. This persisted in most instances throughout the experimental period. The rise of arterial pressure in man, after epinephrine, represents the combined effects of vasoconstriction in the skin and splanchnic areas, plus cardiac stimulation and vasodilatation in muscles, while constriction of the veins produces a rise in venous pressure. Both tend to diminish the capacity of the vascular system, and simultaneously, plasma volume.
In any discussion of the total cell volume, as measured by the dye method, it is important to realize that the volume is obtained indirectly from the plasma volume and the percentage of cells. The indications are that red cells and the plasma are not uniformly mixed within the vascular system. It has been demonstrated by Ebert and Stead (10c) that in normal subjects the cell plasma ratio varies widely throughout different parts of the circulatory system. What effect the administration of epinephrine, with its varied action on the different segments of the vascular system, may have on this relationship between cells and plasma, it is difficult to surmise. Therefore, too much reliance cannot be placed on the changes in cell volume given above. It appears from these results, that normal subjects add a few cells to the circulating blood volume; those with enlarged spleens add a somewhat larger quantity of cells to the circulation; while splenectomized individuals show a slight loss of cells following the administration of epinephrine. This difference in response can be further shown by the reaction of the blood volume to epinephrine in 2 individuals of the same body build. Both of these individuals (G. M. and D. S.) were heavy and muscular, with large surface areas and large blood volumes. One (G. M.), a normal individual, increased his cell volume after epinephrine, while the other (D. S.), a splenectomized individual, lost cells from the circulation following the injection of this drug. These data simply show the trend of the changes in the total cell volume; they do not prove the point that erythrocytes either leave or enter the blood stream following the administration of epinephrine. Our results substantiate those of others (10a, 12, 13) which indicate that the spleen of man does not serve as an important reservoir for cells as it does in certain laboratory animals, and that under such conditions as exercise, fever, and hemorrhage, the redistribution of blood within the vascular system is a far more important compensatory reaction than contraction of the spleen.
There is a striking similarity between the effect of severe exercise on the blood volume and the response of the blood to epinephrine (1). In both circumstances there is a hemoconcentration due in part to a shift of a moderate amount of fluid, poor in protein, from the vascular system to the interstitial compartment, and in part to the accession of a small quantity of new cells from the blood depots. The former is produced by increased capillary pressure, while the latter is mediated through the symphatic-adrenin mechanism.
SUMMARY AND CONCLUSIONS
Measurements were made at rest of the volume of the blood and its components, and variations in the volumes were followed after the subcutaneous injection of 1 cc. of epinephrine (1-1000). Further observations included measurements of the blood hemoglobin and viscosity, serum proteins, venous and arterial pressures, velocity of the blood, and pulse rate. These observations lead to the following conclusions:
1. In normal individuals, following the administration of epinephrine, there is a prompt and definite decrease in the plasma volume, which persists in most cases for at least 45 minutes. In the majority of cases there is a slight increase in the cell volume. These alterations are associated with an increase in blood hemoglobin and viscosity and serum proteins. Following the administration of the drug, the systolic pressure increased while the diastolic pressure fell slightly.
2. In individuals who have polycythemia vera with splenomegaly, epinephrine causes a definite
